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State-to-state  thermal/hyperthermal  collision  dynamics  of  atmospheric  species 
Abstract: 

Direct  absorption  IR  laser  methods  developed  under  AFOSR  support  have  been 
used  to  study  state-to-state  reactive  scattering  dynamics  in  collisions  systems  under 
crossed  supersonic  jet,  single  collision  conditions.  This  past  year  has  focused  on  reaction 
dynamics  in  three  collision  systems,  i)  F  +  HD  HF(v,J)  +  D,  ii)  F  +  CH4  ->•  HF(v,J)  + 
CH3,  iii)  F  +  NH3  — >  HF(v,J)  +  NH2.  Time  resolved  flash  kinetic  studies  of  the 
OH/HO2/O3  chemical  chain  reaction  has  been  performed  from  300K  down  to  1 90K, 
providing  first  access  to  temperature  conditions  relevant  to  accurate  modeling  of  the 
lower  stratosphere.  Most  recently,  these  methods  have  been  extended  to  study  “airglow” 
dynamics  of  highly  rotationally  excited  OH(v,N)  radicals  formed  from  H+O3  reactions. 


Brief  overview  of  work: 


Direct  absorption  IR  laser  methods  developed  under  AFOSR  support  have  been 
used  to  study  state-to-state  reactive  scattering  dynamics  in  collisions  systems  under 
crossed  supersonic  jet,  single  collision  conditions.  This  past  year  has  focused  on  reaction 
dynamics  in  three  collision  systems,  i)  F  +  HD  HF(v,J)  +  D,  ii)  F  +  CH4  HF(v,J)  + 
CH3,  iii)  F  +  NH3  -»  HF(v,J)  +  NH2,  corresponding  to  our  proposed  plan  to  move  from 
atom  +  diatom  systems  onto  more  complicated  atom  +  polyatom  reactive  scattering. 

In  the  F  +  HD  system,  the  key  interest  is  in  the  probing  of  long  lived  “quantum 
scattering  resonances”  at  the  transition  state.  This  resonances  correspond  to  well 
developed  vibrational  nodal  structure  in  wave  packet  calculations,  and  recently  predicted 
by  Skodje  et  al  to  occur  at  Eeom  *  0.5  kcal/mole.  Theory  predicts  a  dramatic  shift  in 
nascent  state  populations  in  the  HF(v=2,J)  manifold  in  the  scattering  resonance  regime, 
essentially  from  a  more  smooth  Boltzmann-like  J  distribution  to  a  relatively  “flat-top” 
albeit  structured  distribution  which  drops  off  rapidly  at  the  energetic  limit.  The  results  are 
shown  in  Fig.  1,  which  are  in  remarkably  good  agreement  with  wave  packet  theoretical 
calculations.  This  is  particularly  interesting  in  light  of  the  immense  effort  that  has  been 


Fig  1 .  F+HD  reactive  scattering  into  HF(v=2,J) 
manifold  near  the  transition  state  resonance 


invested  in  attempts  to  verify 
similar  resonance  scattering 
behavior  in  the  F  +  H2  system, 
where  in  fact  it  appears  that  all 
resonance  structure  in  FH2' 
photodetachment  can  now  be 
theoretically  assigned  to  van  der 
Waals  angular  momentum  barriers. 

In  a  second  direction,  efforts 
toward  atom  +  polyatom  reactive 
scattering  have  been  pursued.  State- 
to-state  reactive  scattering  of  F  + 
CH4  ->■  HF(v,J)  +  CH3  is  studied 
using  crossed  supersonic  jets  and 
high-resolution  (Avw  0.0001  cm'') 
IR  laser  direct  absorption 


predicted  at  0.5  kcal.mole:  experiment  vs  theory 
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Fig  2.  Nascent  populations  from  F  +  CH4 
reactive  scattering 


techniques.  Rovibrational  state-resolved  HF 
column-integrated  absorption  profiles  are 
obtained  under  single  collision  conditions  and 
converted  to  populations  via  appropriate 
density-to-flux  transformation.  Nascent 
rovibrational  distributions  in  each  HF(v^ 
state  are  now  available  (Fig.  2)  and  reported  in 
the  literature.  Summed  over  all  product 
rotational  levels,  the  nascent  vibrational 
quantum  state  populations  for  HF(v)  [v=3: 
0.106(3);  v=2:  0.667(14);  v=l;  0.189(27); 
v=0:  0.038(78);  2a  error  bars]  are  in 
agreement  with  previous  flow  cell  studies  by 
Setser,  Heydtmann,  and  co-workers  [Chem. 
Phys.  94,  109  (1985)].  At  the  rotational  state 
level,  however,  the  current  studies  indicate 
nascent  distributions  for  HF(v,J)  that  are 
significantly  hotter  than  previously  reported, 
ostensibly  due  to  reduced  collisional 
relaxation  effects  under  supersonic  jet 
conditions.  Final  HF  rotational  states  from  F  + 


CH4  are  observed  near  the  maximum 
energetically  accessible  J  values  in  both  the  v=2  and  v=3  vibrational  manifolds,  which 
provides  experimental  support  for  a  bent  F-H-C  transition  state  structure. 

In  addition,  product  recoil  data  from  F  +  CH4  HF(v,J)  +  CH3  reactive 
scattering  are  obtained  using  crossed  supersonic  jets  and  narrow  band  (Av  «  0.0001  cm"') 
IR  laser  direct  absorption  techniques.  TTie  high  resolution  IR  profiles  of  HF(v,J)  product 
exhibit  extensive  Doppler  broadening  that  directly  reflects  quantum  state-resolved 
translational  distributions  in  the  laboratory  frame  under  collision  free  conditions. 

Analysis  of  Doppler  profiles  via  singular  value  decomposition  (SVD)  methods  yield 
- -  information  on  state-resolved  differential 


E,o«i(kcal/mol) 

Fig  3.  HF(v,J)  z  axis  recoil  translational 
energy  from  F+CH4  reactive  events, 
indicating  small  propensity  for 
forward/backward  scattering 


cross  sections  into  the  HF  (v=l)  and 
HF(v=2)  vibrational  manifolds,  which 
identify  a  small  propensity  for 
forward/backward  scattering  (|cos(0)| »  1) 
vs.  side  scattering  (|cos(0)|  «  0)  in  the 
center  of  mass  frame.  This  can  be  nicely 
seen  in  terms  of  a  plot  of  experimentally 
observed  recoil  kinetic  energy  along  the  IR 
probe  (z)  direction  vs  total  available  energy 
(Fig  3).  When  compared  with  the 
theoretical  predictions  for  purely  sideways 
or  isotropic  scattering,  the  data  clearly 
indicates  a  systematic  shift  toward  more 
forward/backward  than  isotropic  behavior. 


We  have  most  recently  been  studying  the  F  +  NH3  system,  which  has  now  yielded 
first  rigorously  collision  free  HF(v,J)  populations  for  this  reaction.  There  is  a  interesting 
bimodality  in  the  HF(v=l,2)  rotational  distributions,  specifically  a  long  tail  toward  higher 
J  levels  that  may  indicate  two  different  channels  in  the  reaction  mechanism. 

Time  resolved  flash  kinetic  studies  of  the  OH/HO2/O3  chemical  chain  reaction  has 

been  performed  from  300K  down 
to  190K,  providing  first  access  to 


Induction  Decay  Rate  vs.  [O3] 


temperature  conditions  relevant  to 
accurate  modeling  of  the  lower 


stratosphere  (Fig.  4).  Most 
recently,  these  methods  have  been 
extended  to  study  “airglow” 
dynamics  of  highly  rotationally 
excited  OH(v,N)  radicals  formed 
from  H+O3  reactions.  Preliminary 
work  has  indicated  the  presence  of 
high  rotational  levels  up  to  N  « 

33,  as  indeed  directly  observed  in 
the  upper  atmosphere  by  efforts  in 
the  Air  Force  laboratories.  Further 
work  in  progress  will  be  necessary 
to  distinguish  between  direct 


O3  density  [cm'^] 

Fig  4.  Temperature  dependent  rate  constant  data  for 
OH/HO2/O3  chemical  chain  reaction  kinetics 


formation  into  high  N  states 
versus  anomalously  rapid  and 
efficient  V-R  transfer  from  the 
highest  vibrational  manifold. 
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